Ancestral Y-linked genes were maintained by translocation to the X and Y chromosomes fused to an autosomal pair in the Okinawa spiny rat Tokudaia muenninki.
Two species of the genus Tokudaia lack the Y chromosome and SRY, but several Y-linked genes have been rescued by translocation or transposition to other chromosomes. Tokudaia muenninki is the only species in the genus that maintains the Y owing to sex chromosome-autosome fusions. According to previous studies, many SRY pseudocopies and other Y-linked genes have evolved by excess duplication in this species. Using RNA-seq and RT-PCR, we found that ZFY, EIF2S3Y, TSPY, UTY, DDX3Y, USP9Y, and RBMY, but not UBA1Y, had high deduced amino acid sequence similarity and similar expression patterns with other rodents, suggesting that these genes were functional. Based on FISH and quantitative real-time PCR, all of the genes except for UTY and DDX3Y were amplified on the X and Y chromosomes with approximately 10-66 copies in the male genome. In a comparative analysis of the 372.4-kb BAC sequence and Y-linked gene transcripts from T. muenninki with the mouse Y genomic sequence, we observed that multiple-copy genes in the ancestral Y genome were nonfunctional, indicating that the gene functions were assumed by amplified copies. We also found a LTR sequence at the distal end of a SRY duplication unit, suggesting that unequal sister chromatid exchange mediated by retrotransposable elements could have been involved in SRY amplification. Our results revealed that the Y-linked genes were rescued from degeneration via translocations to other sex chromosomal regions and amplification events in T. muenninki.